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Abstract 
The paper considers the peculiarities of structure forming in composite materials on the basis of polytetrafluoroethylene (PTFE) 
containing metals or polyimide while explosive processing of powder compositions by the ring shock front. The stepwise change 
of the structure in the center of pressing, accompanied by occurrence of nanodimensional phases, change of fine structure and 
increase of microhardness is determined. It is achieved under a certain combination of the explosive’s parameters and powder 
composition’s porosity. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
According to Minpromenergo forecasts [1], gas condensate production rates will increase to 26-32 mn. t./year  by 
Composite Materials (CM) on the basis of thermal resistant polymers, that increase the efficiency of parts in the 
environment where both the loads and the temperatures are high, are now being developed widely. Application of 
Composite materials (CM) on the basis of polytetrafluoroethylene (PTFE) providing the antifrictional, corrosion-
resistant and the cryogenic-resistant properties is effective.  However the increasing operational requirements to 
antifrictional materials demand increased strength properties and wear resistance [1, 2]. This problem can be solved 
by reinforcement of PTFE with disperse metal fillers or thermal-resistant high-strength polymers, such as Polyimide 
(PI).  
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Application of conventional techniques of producing CM on the basis of both PTFE and PI is restrained by 
processing factors, which eliminates the possibility to use liquid-phase techniques. Explosive Processing (EP) of 
polymeric powder compositions is the perspective way to produce CM. It simultaneously provides molding, 
crushing, thermodynamic activation, consolidation of CM components and increased adhesive interaction between 
them [3, 4]. Of particular interest is EP of CM by the sliding ring shock front (SF) [3, 5]. Various parameters of 
loading on pressing radius, especially sharply different in the center, are implemented, which creates conditions for 
nanostructure forming. Therefore this work aims at studying of polymeric CM producing peculiarities, including 
nanomaterials, EP of powder compositions of PTFE with polyimide and metals by means of disclosure of 
regularities of structure formation, physical and chemical interaction of components and change of their physical-
mechanical properties. 
2. Study subject 
The work researches the influence of the EP various parameters in comparison with static pressing (SP) in die 
mold by pressure of 0.3 GPa on structure formation of CM on the basis of PTFE (State standard 10007-80) and 
polyimide (PM-69) filled with from 10 to 70% of metal powders: copper, bronze, nickel, aluminum, the size of 
particles is from 14 to 300 microns.  
EP is carried out by ring SF in the closed container [3, 5] with implementation of extensive range of the energy-
power parameters with variation of pressure from 0.1 to 2.5 GPa, calculated by means of the computer program [3], 
and the porosity of the powder composition which is from 10 to 60%, changed by preliminary pressing of powder 
composition. After EP and SP the pressings were sintered at 390 ºС in the closed volume. 
3. Methods 
CM structure was investigated with "Olympus" BX-61 optical microscope (OM), Solver PRO atomic-force 
microscope (AFM), FEI Versa 3D DualBeam scanning electronic microscope (SEM). Energy-dispersive analysis 
was conducted by means EDAX Apollo X energy-dispersive spectroscope attachment of and on the DRON-3.0 
diffractometer. Profiles of reflexes with 100 and 003 indexes for PTFE and 111 and 222 for metals were analyzed. 
The interrelation of structure and mechanical properties was determined via the microhardness that was measured on 
the PMT-3M hardness gage. 
4. Results and discussion 
The results of the study of CM PTFE with PI or metals structure show that increase of the EP parameters is 
followed by change of structure forming mechanisms. It is determined that to reach similar effects in structure 
forming (increased adhesive interaction [4], maximum compaction, crushing) less significant power contribution 
(pressure 0.1-0.15 GPa less) are required for CM PTFE+PI than for CM PTFE + metal (Р = 0.5-0.8 GPa). To 
decrease the heating occurring as a result of the raised power contribution during EP initial porosity of compositions 
of PTFE+PI was less (P=10-20%), than in KM PTFE + metal (P=30-60%). 
It is established that quasi-static pressing is observed under low pressure (Р < 0.3 GPa), i.e. the structure of CM 
produced by EP virtually doesn't differ from those of statically pressed (Fig. 1a) as the intensity of SF in powder 
compositions is minor because of the ampoule strength resistance and the material that has already been pressed. 
Thus lower level of interfacial interaction and, therefore, lower mechanical properties of CM [3, 6] are reached. 
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Fig.1.  Microstructure of CM 30% PTFE + 70 % Cu (а, b) and 50 % PI + 50% PTFE (c, d): а - Р = 0.1–0.3 GPa; b, c, d - Р=0.4–0.8 GPa. 
CM ultimate compaction occurs under average pressure (Р = 0.4–0.8 GPa); transition from equilibrium 
deformation to lateral deformation is observed in the mechanism of compaction; particles of components are 
considerably flattened in the direction of shock compression (Fig. 1). It should be noted that if the concentration of 
metal or PI is more than 50%, welding of the particles occurs and continuous reinforcing phase forms, which leads 
to the increase of strength [5, 6]. Refinement of the structure in separate particles occurs under average pressure [7]. 
Thus needle crystals from 20 to 115 nanometers thick in polyimide component are distinguishable (Fig 1, b). Softer 
highly elastic PTFE (Fig. 1, d) is deformed with formation of the fibrilla similar in a form to the particles received 
by telomerization of tetrafluorethylene [8]. 
Qualitative differences of microstructural mechanisms of compaction (Fig. 2) are observed under high pressures 
(Р>1.5 GPa) when in the central zone of pressing there is sharp increase of pressure P>1.5 GPa because of the effect 
of shock waves convergence, which means that the pressure and temperature behind the compression front increase 
approaching the axis of the ampoule [3, 5]. In the center of pressing structure of ultimate compaction (Fig. 2a, b 
zone I) is transformed into structure of ultimate crushing (Fig. 2 a, b zone II) in which formation of nanophases is 
observed. Crushing of components results from the localized intensive plastic deformation, action of jet flows 
havingphysicochemical and destructive-recombinational interaction of structural components. Both dispersed 
nanometer inclusions (from 50 to 800 nanometers) (Fig. 2 b) or their agglomerates (Fig. 2 d) and fibrous structures 
(similar to PTFE [9] received by laser processing) with lateral dimension from 30 to 650 nanometers (Fig. 2 e) can 
be found in the nanostructured zones (Fig. 2 a, b zone II). Thus the structure transformation (zone II) can takes place 
in two stages (Fig. 2 a). At the first stage the transitional zone of light color which, in turn, transforms into darker 
one closer to the center of pressing is formed. It should be noted that active crushing of particles in the central zone 
to 10-300 nanometers (Fig. 2) results from implementation of the EP critical parameters (Р>1.5 GPa); their 
coagulation in larger particles is also possible, and also in the central zone formation of continuous metal phase can 
occur, which is confirmed by X-ray structural analysis and energy-dispersive analysis [7, 10]. 
Energy-dispersive analysis of CM shows that in the central zone (zone II) the metal contains the elements which 
are present at PTFE (C, F), i.e. formation of new organometallic compounds can occur under high pressures EP 
[10]. If the EP parameters change, chemical composition of phases and structure of the central zones change too. 
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With the increase of the initial porosity of compositions the atomic fraction of the chemical elements included in the 
polymer decreases and the fraction of metal and carbon components increases, and at the porosity of 60% cancellous 
structure with the size of the pore from 10 to 1000 nanometers containing fluorine, oxygen and carbon [10] is 
formed (Fig 2f), which results from the increase of temperatures. The intensity of EP increasing, crystallinity of 
polymers decreases, more than twofold crushing of their crystallites and decrease in structural tension occurs. 
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Fig. 2. CM microstructure 50% PTFE + 50% PI (a, b, f), 30% PTFE + 70% bronze (b) и 30% PTFE + 70% nickel (d, f) after EP at pressure 
Р>1.5 GPa (I – main zone, II – central zone): c, f – zone II CM 50% PTFE + 50 % PI, e, f– zone II CM 30% PTFE + 70 % nickel. 
  
1 – Р = 0.1-0.3 GPa; 2 – Р = 0.4-0.8 GPa; 3 – Р>1.5 GPa Р>1.5 GPa: 1 – PI; 2 – 50 % PI +50 % PTFE; 3 – PTFE; I – central zone; II 
– nanostructuring zone 
Fig.3. CM microhardness PTFE +Ni (а) and 50% PTFE + 50 % PI (b) after EP. 
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The interrelation of different level structures and mechanical properties was estimated via the microhardness of 
CM. It is established [7] that nanostructuring in CM is accompanied by intensive increase of microhardness by 1.5-
3.5 times (to 2.0-3.5 GPa for nickel and bronze and to 0.6-0.7 GPa for aluminum; 0.7-2.1 GPA for polyimide, Fig. 
4b) only if they contain from 40 to 90% of metal (Fig. 4a). If metal concentration is lower, intensive increase of 
hardness doesn't occur as EP of CM is determined by compaction of rather soft and less reinforcable PTFE. The 
hardness varies widely because of ambiguity of shock pressure and energy influence on the structure of CM. 
5. Conclusion 
Thus, it is established that change of the EP parameters (P from 0.3 to 2.5 GPa) and concentration of the metals 
(from 10 to 90%) is accompanied by the change of structure forming mechanisms; it enables to regulate compaction 
degree, structure, adhesive and interpartial interaction in polymeric CM. The work determines the quantitative 
criteria of the explosive pressing parameters with achievement of ultimate compaction (P = 0.4-0.8 GPa), 
transformations of metal-polymeric powder compositions into reinforced composite with reinforcing metal phase 
(framework) forming as a result of deformation and welding of metal particles, and of producing nanostructural 
composite materials at a combination of high pressure EP (P > 1.5 GPA) and initial porosity of powder composition. 
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